Abstract In the field of converting simulation surveying and traditional close range photogrammetry, it has been developed so far to survey objects by commercial digital camera and this technique is applied widely in every part of production. In order to get three-dimensional information of objects, commercial digital camera must be examined. For a long time, digital camera has been examined by DLT. Then there must be a high-precision control field. For realizing surveying without control points, a method for self-calibration is proposed.
Introduction
In close-range photography and converting simulation surveying, it is usually commercial digital camera being used in measuring and surveying target objects, whose elements of interior orientation, namely 0 0 ( , ), x y f are not known. So, before measuring and surveying target objects, it must be done to examine elements of interior orientation. For a long time, digital camera has been examined by DLT with which there must be a high-precision control field. As a result, the scope of applying commercial digital camera in surveying is limited. In this paper, a method for self-calibration is discussed and realized.
1 Calibration of digital camera
Self-calibration of digital camera
A method for self-calibration affords feasibility in realizing real-time controlling and simulation, which does not again depend on the control points. In pinhole imaging, the relation between the object point 
where s is a random scale coefficient; P is a 3 4 × perspective projection matrix, which is also expressed as the result of multiplying the elements of interior orientation by the elements of exterior orientation, namely: 
where f is principal distance of camera; , 
Basic notion
1) Homogeneous space. In Euclidean space, a point may be expressed as
. This formula can be expanded as
, in the same time, the Euclidean space is turned into Homogeneous space, where 0 t = means a point which lies in an infinite far plane.
2) Absolute conic. An absolute conic is an imaginary conic which lies in an infinite far plane and can be expressed as:
is an optional point on it. An absolute conic defines a circle on an infinite far projection plane whose radius is 1 i = − . It is provided with invariability under the transformation of translation, rotation and scaling. Based on the property, it is concluded that the perspective projection image w of absolute conic is still an absolute conic on which the coordinates of any point do not depend on the position of digital camera. When taking pictures in different situation, absolute conic and its image are same. So, the coordinates of the image w relate only to the elements of the interior orientation and do not relate to the elements of the exterior orientation. As a result, the digital camera can be calibrated with absolute conic whose perspective projection image is expressed as follows: 4) Homography matrix. In Homogeneous space, the transformation between two different reference frames can be described by Homography matrix. 5) Two views geometry. In two views, the corresponding points in images follow the epipolar geometry. In Fig. 1 m l corresponds to m l′ . The restrict relation is the basic geometry relation between two views which is named epipolar geometry customarily. From the view point of algebra, it can be expressed as:
where the matrix F is a 3 3 × matrix whose rank is 2 and is customarily named fundamental matrix. Because the fundamental matrix F includes all geometry information between two views, it is very important to exactly calculate F for calibration and three-dimensional reconstruction. The method of eight points is used to calculate F based on Eq. (5) In Fig.2, , C C′ are two different
